Nine barrows with an average initial weight of 60 kg were fitted with simple Tcannulas at the distal ileum. The animals were fed four different protein-free diets according to an incomplete latin square design. Diet 1 (control diet) consisted of 79.7% cornstarch, 10% sucrose, 3% Alphafloc (a source of cellulose), 3% canola oil and a vitamin-mineral premix. Diets 2, 3 and 4 contained, respectively, 4% pectin, an additional 7% cellulose and an additional 10% canola oil, each included at the expense of cornstarch. Feces were collected during 3 d following a 7-d adaptation period. Thereafter, digesta were collected during two 24-h periods with a 24-interval between periods. The pigs were fed 800 g of feed twice at 0800 and 2000. Added pectin increased (P < .05) the recovery of endogenous protein in ileal digesta from 19.8 diet (diet 1) to 24.0 g per kg dry matter intake. This increment was largely due to increases (P < .05) in glycine and proline from 1.9 to 2.4 and from 6.2 to 8.4 g per kg dry matter intake, respectively. In feces, only added cellulose increased (P < .05) excretion of endogenous protein (8.4 vs 11.1 g/kg DM intake) and of most amino acids. Including additional fat did not affect the quantity of endogenous protein and amino acids recovered in ileal digesta or feces. Small but significant differences (P < .05) were observed in the amino acid composition of endogenous protein recovered in ileal digesta when the different protein-free diets were fed. The amino acid composition of endogenous protein in feces was relatively constant (P > .05).
Introduction
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5Dept. of Anim. Sci. Received March 22, 1988 . Accepted August 30, 1988 digestibilities in feedstuffs for pigs at present (Tanksley and Knabe, 1984; Saner and Ozimek, 1986) . However, measurements obtained with this method are confounded by non-reabsorbed endogenous amino acids. Using conventional methods, the endogenous amino acids cannot be quantified when protein-containing feedstuffs are fed (Carlson and Bayley, 1970) . By aid of the 15N-isotope dilution technique in which body protein including endogenous protein, is labeled, a differentiation can be made between non-digested dietary and endogenous protein (Souffrant et al., 1986) . However, the 15N-isotope dilution technique only can be applied to the determination of the total recovery of endogenous protein, not to the recovery of each of the amino acids. On the assumption, however, that the amino acid composition of non-reabsorbed endogenous protein is constant, the true amino acid digestibilities can be derived by calculation from true protein digestibility. The objective of the present study was to determine the variation in the recovery and amino acid composition of endogenous protein in ileal digesta and feces of pigs fed proteinfree diets of different compositions.
Materials and Methods
Initially, eight barrows (Lacombe x Yorkshire) with an average BW of approximately 60 kg were surgically fitted with a simple Tcannula at the distal ileum according to procedures adapted from Saner et al. (1983) . The cannulas were modified slightly; the ring at the base of the cannula was replaced by two "wings" with a length of approximately 3 cm. After surgery, the animals were housed individually in stainless steel metabolic crates in a temperature-controlled barn (20 to 22"C). During the recovery period, at least 10 d, the animals were fed an 18% crude protein starter diet (Sauer et al., I983) .
Following recovery, the animals were fed one of four protein-free diets according to a latin square design (Table 1) . They were fed 800 g twice dally, at 0800 and 2000. Water was freely available from a low-pressure drinking nipple.
Each of the diets was formulated to affect the secretion and(or) reabsorption of endogenous protein in a specific manner. Diet 1, the control diet, represents a standard-type, protein-free diet. In Diet 2, 4% pectin was included at the expense of cornstarch to stimulate bacterial fermentation, especially in the large intestine (Mosenthin and Henkel, 1983) . In Diet 3, 7% additional (to provide a total of 10%) cellulose (Alphafloc) was included at the expense of cornstarch. A high level of cellulose has been shown to increase mucin production (Schneeman et al., 1982) , sloughed-off mucosal cells (Bergner et al., 1975) and pancreatic secretion of protein (Zebrowska, 1985) . In Diet 4, 10% additional canola oil (to provide a total of 13%) was included at the expense of cornstarch. High levels of fat in the diet have been shown to induce an increase in the pancreatric secretion of lipase (Ozimek et al., 1985) . Sucrose was added to improve the palatability of the purified diets. Vitamins and minerals were supplemented according to NRC (1979) standards. Chromic oxide (.5%) was included in the diet as the marker for the determination of the recovery of protein and amino acids in ileal digesta and feces.
Each experimental period lasted 13 d. After a 7-d adaptation period, feces were collected for 3 d at 12-h intervals by aid of anal stimulation. Thereafter, ileal digesta were collected for 2 d continuously with a 24-h 9 Least square means and mean square error. bNumber of observations per treatment.
c.a.eMeans in the same row with different superscript letters differ (P < 05).
interval between the two collection periods. Digesta were collected through soft plastic tubing (4 cm in width), which was attached to the ileal cannula. The lower section of the tubing was kept immersed in a container filled with ice water. Feces and digesta were frozen immediately after collection. Following each experimental period the animals were allowed a recovery period of 8 d, during which they were fed an 18% crude protein starter diet (Sauer et al., 1983) . Animals with incomplete feed intake (less than 90% of the daily allowance) or that leaked severely around the cannula were removed and replaced by animals of similar background and BW. Three animals were replaced.
The animals were slaughtered at the conclusion of the experiment and dissected to observe whether cannulation had caused adhesions or other intestinal abnormalities. 6Beclanan 121 biB, Beckman Inst. Inc., Palo Alto, CA.
Analytical and Statistical Procedures. After the conclusion of the experiment, feces were pooled per animal across the two 24-h collection periods. The pooled samples were freeze-dried, ground in a Wiley mill through a 1-mm mesh screen and thoroughly mixed before samples were taken for further analyses. Analyses for N and DM were conducted according to AOAC (1980) . The N present in the protein-free diets (.05 to .07%) was ignored in the interpretation of the results. Chromic oxide levels in feed, digesta and feces were determined according to Fenton and Fenton (1979) . Amino acid analyses were performed following acid hydrolysis in 6 N HCI for 24 h using an amino acid analyzer 6 (Blackburn, 1968) . All analyses were performed in duplicate.
The results were subjected to least square analyses of variance for unequal numbers (Harvey, 1960) . Only the main effects (diet, animal, period and collection day) were included in the statistical model. Least square means were compared using the Student Newman-Keuls multiple range test (Steel and Torrie, 1980) . b,cMeans ill the same row with different superscript letters differ (P < .05).
Results
Cannulation did not result in intestinal abnormalities in the nine barrows from which valid observations were obtained.
The dry matter digestibilities were higher when they were determined in feces rather than in ileal digesta (Tables 2 and 3 ). Literature data indicate that the majority of minerals are absorbed in the large intestine, and microbial fermentation produces compounds such as volatile fatty acids that can be absorbed (Kidder and Manners, 1978) . In addition, less protein was recovered in feces than in ileal digesta.
The addition of fat and pectin, and especially of cellulose, depressed (P < .05) the digestibility of dry matter in ileal digesta (Table 2) . Measured in feces, only added cellulose reduced (P < .01) dry matter digestibility (Table 3) . Cellulose and pectin are carbohydrates that cannot be digested by enzymes secreted into small intestine in monogaslric animals. But pectin apparently is extensively fermented by the microbes in the large intestine (Mosenthin and Henkel, 1983) .
The addition of pectin increased (P < .05) the quantity of endogenous protein recovered in ileal digesta (Table 2 ). This increase resulted largely (64%) from an increased recovery of proline (P < .01) and glycine (P < .05), the predominant amino acids in endogenous protein. The levels of most of the other amino acids also were increased, although changes were not significant (P > .05). The addition of cellulose also tended to increase the recovery of endogenous protein and most of the amino acids in ileal digesta; recoveries of only proline and glycine increased significantly (P < .05). The net disappearance of protein in the large intestine, calculated as recovery in ileal digesta minus recovery in feces, was most prominent for the diet containing pectin (15.0 g per kg dry matter intake) (Tables 2 and 3 ). The disappearance was smallest for the control diet (11.4 g per kg dry matter intake). Of the dispensable amino acids, asparfic acid, glutamic acid, serine, and especially glycine and proline disappeared to a large extent in the large intestine. Of the indispensable amino acids, the disappearance was most marked for phenylalanine and threonine, Net synthesis was observed for methionine. The difference between ileal and fecal amino acid recoveries were consistent for all four diets (Tables 2 and 3 ).
In feces, only added cellulose increased (P < .05) endogenous protein excretion (Table 3) . This increase was associated with an increased (P < .05) recovery of all amino acids with the exception of leucine, methionine, phenylalanine, valine, proline and tyrosine.
The addition of fat did not affect (P > .05) the levels of endogenous protein or amino acids in either ileal digesta or feces (Tables 2  and 3 ).
Discussion
The amount of endogenous amino acids recovered at the distal ileum or excreted in feces were measured in the present experiment. Because a proportion of endogenous protein is digested and reabsorbed, the observed values refer to the balance of secretion and reabsorption of endogenous protein (Low, 1982) . Protein that disappears in the large intestine is not considered beneficial to the animal (Zebrowska, 1973) . Therefore, endogenous amino acids passing at the distal ileum were considered as losses to the animal. The observed differences in the recovery of amino acids between ileal digesta and feces (Tables 2  and 3 ) are due largely to microbial fermentation in the intestine. The net disappearance of most amino acids and the net synthesis of methionine have been reported in previous studies (Holmes et al., 1974; Sauer et al., 1977; Wuensche et al., 1979; Tavemer et al., 1981) and introduce errors when amino acid digestibilities are determined with the fecal analysis method. Sauer et al. (1977) discussed the effect of dry matter intake and digestibility on the recovery of endogenous protein in ileal digesta. Because of its mechanical effect, more non-digested materials, often derived from fiber, may increase endogenous protein losses. The results of the present studies tend to confirm this relationship (Tables 2 and 3) . Pectin apparently has an additional effect because it results in digesta of a more viscous nature, which might induce an increase in the secretion and(or) a decrease in the reabsorption of endogenous amino acids in the ileum ( Table  2 ).
The increased recovery of endogenous protein in ileal digesta was largely due to an increase (P < .05) in the recoveries of glycine and proline (Table 2) , which in turn probably resulted from a relatively large contribution of saliva and(or) bile to endogenous protein. According to Horowitz (1967) and Low (1982) , glycoproteins excreted with bile and saliva contain relatively large amounts of proline and glycine. The major function of saliva is to facilitate movement of digesta to the stomach and to initiate digestion of glucose polymers containing ~ 1-6 bonds (Kidder and Manners, 1978) . Bile plays an important role in the digestion and absorption of dietary fat (Kidder and Manners, 1978) . The lower (P < .05) glycine recovery in ileal digesta, when the high-fat compared to the pectin diet was fed (Table 2) , might be am-ibuted to an increase in the reabsorption of bile acids as more dietary fat is absorbed. However, endogenous protein was not altered by addition of dietary fat alone.
The recovery of proline and glycine in ileal digesta also was increased (P < .05) when additional cellulose was included in the diet ( Table 2 ). The effect of cellulose may be mediated through its mechanical effect as well. Fiber has been shown to increase mucus production (Schneeman et al., 1982) and sloughed-off mucosal cells (Bergner et al., 1975) . Fiber also is capable of adsorbing amino acids and peptides, withholding these from re-absorption (Bergner, 1982) .
When the recoveries of endogenous amino acids in ileal digesta were expressed as a percentage of total endogenous protein (N x 6.25), small but significant differences (P < .05) were detected for all amino acids (Table  4) . The relatively high abundance of protine and glycine in endogenous protein from pectin and cellulose diets depressed the relative concentration of other amino acids.
The increased (P < .05) amount of endogenous protein excreted in feces when additional cellulose was included in the diet (Table 3) may be attributed to its mechanical effect. However, nondigestible but fermentable carbohydrates will be used as substrates for microbial fermentation, resulting in an increased amount of bacterial protein excreted in feces. Endogenous protein can be used for bacterial protein synthesis. It has been estimated that bacterial protein makes up more than 50% of the total protein excreted in feces (Gargallo and Zimmerman, 1981; Meinl and Kreien- aLeast square means and mean square error. b,c,aMeans in the same row with different superscript letters differ (P < .05).
bring, 1985; Mosenthin, 1987) . The increased recovery of endogenous protein was proportionai to increases in recoveries (P < .05) of most of the amino acids (Table 3 ). The ratio between the amino acids was relatively constant, most likely the result of a large contribution of bacterial protein to protein in feces. With the exception of phenylalanine and tyrosine, there were no differences (P > .05) in the amino acid composition of endogenous protein (N x 6.25) in feces between treatments (Table 5) . In other studies with surgically modified pigs, the amount of endogenous protein recovered at the distal ileum varied from 10.0 to 17. 5 g protein per kg dry matter intake (Holmes et al., 1974; Saner et al., 1977; Wuensche et al., 1979; Taverner et al., 1981) . Values observed in the present experiment were somewhat higher ( Table 2) . The large animal-to-animal differences (P < .01) observed in the present study may have contributed to these differences. Pectin was not included in the diets in the aforementioned studies. The diet containing pectin resulted in the largest amount of endogenous protein recovered in ileal digesta. There was a trend toward a larger recovery of endogenous protein in ileal digesta when additional cellulose was included in the diet, which is in agreement with other studies (Sauer et al., 1977; Taverner et al., 1981) .
The amount of endogenous protein recovered in feces and the amino acid composition of endogenous protein recovered in ileal digesta or excreted in feces (Tables 3 and 4) falls within the range of values reported in other studies (Holmes et al., 1974; Sauer et al., 1977; Wuenscbe et al., 1979; Tavemer et al., 1981) . The content of proline, in particular, and glycine in endogenous protein recovered in ileal digesta varied widely between the aforementioned studies, from 11.0 to 37.0% and from 4.7 to 13.3%, respectively. These differences can explain much of the differences in the recovery of endogenous protein in ileal digesta that were derived in the various studies.
The determination of true amino acid digestibilities requires information on the quantity of endogenous protein and amino acids. Differences in these quantities usually are not considered in these calculations, although differences between results obtained from different studies exist (Holmes et al., 1974; Sauer et al., 1977; Wuensche et al., 1979; Tavemer et al., 1981) . These differences either can be of a physiological nature or can result from differences in experimental design. aLeast square means and mean square error. b.CMeans in the same row with different superscript letters differ (P < .05).
The effect of diet composition (additional cellulose) on the endogenous amino acid recoveries were studied in only two experiments. A relatively large variation in the composition of the protein-free diets resulted in differences (P < .05) in the amino acid composition of endogenous protein recovered in ileal digesta in the present study (Table 4) . The amino acid composition of endogenous protein in the feces was relatively constant (Table 5) . The true amino acid digestibilities were calculated in two diets to illustrate the effect of variation in amino acid composition of endogenous protein on true amino acid digestibilities (Table 6 ). The apparent digestibilities of amino acids in the barley diet (103 g crude protein per kg dry matter) were derived from Sauer et al. (1981) . The values for the barley-soybean meal diet (165 g crude protein per kg dry matter) were derived from Sauer and Thacker (1986) . The ranges in true digestibilities were calculated using the ranges in recovery of amino acids in ileal digesta ( Table 2 ). The protein content of the barley diet was considerably lower than that of the barley-soybean meal diet. This implies, assuming that the amount of endogenous protein in ileal digesta is relatively constant for both diets, that endogenous protein made up a larger proportion of total protein in ileal digesta with the barley than with the barley-soybean meal. The true ileal amino acid digestibility, therefore, was higher for the barley than for the barleysoybean meal diet. For most amino acids, the range in calculated true digestibilities was less than 2.5 percentage units (Table 6 ). The variation in recovery of endogenous amino acids had only a minor affect on the calculatea true digestibilities. The true ileal digestibilities of proline in both diets and of glycine in the barley diet exceeded 100% (Table 6 ). The maximum true ileal digestibility cannot exceed 100%, indicating that the endogenous levels of proline and glycine were overestimated.
The aforementioned method for calculating true protein and amino acid digestibilities can be disputed. The feeding of protein-free diets may change the metabolism of the animal and affect endogenous protein and amino acid losses (Krawielitzki et al., 1977; Low, 1980) . In addition, the effect of the protein-containing diet itself on the endogenous protein and amino acid recoveries is not determined directly. Experiments with rats by Krawielitzki 15 et al. (1977) , using the N-isotope dilution technique, showed that endogenous protein losses were related positively to the protein level in the diet. The results of the present experiment and Sauer et al. (1977) showed that feeding protein-free diets may overestimate endogenous proline and glycine recoveries compared with feeding protein-containing diets. Apparently, the effect of endogenous losses varies for different amino acids. A follow-up experiment, in which a protein-free diet was fed to pigs and amino acids were administered intravenously, will elucidate the effect of protein status of the animal on endogenous amino acid recoveries and may provide more information on the amino acid composition of endogenous protein. A more valid estimation of the amino acid composition of endogenous protein is necessary when the 15N-isotope dilution technique is used to determine the endogenous amino acid recoveries.
